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TABLE I 
SULF.WILYLCYTOSISEE 

Solubility.c 
pH 5 ,  2 5 O ,  

so. R M p ,  o c  Formula" S. aureux P. I.ulyar1s E. coli  mg/100 ml 

hn H 286-287 dec CIGHIGSIO:IS >2d0 >%.io >2.N 7 . .i 
122 XI> 1Ie  219-222 CiiHi,N,O:iP 8 .i .).I - .3 

hr  Et 167-16s CidHl4NIO:iS 12-2::5 3 ,  2-.i, 3 i . l - . i .  0 109 
' HrC) 104 CirHisNIOIPd 51 

Xd Pr 141-142 CisHisNaOyP 20 6 . 2  3 32 
he i-Pr 201-203 CidHidSIO# 11 2 . :3 6 .5 21 
Sf B L ~  118-120 CirHiaNJ&Se :3:3 9 17..i 26 
hg i-Bii 133-13.5 CIIHI,SIOIS 3 .i 10.3 20 2 3 
Xh ser-Bri 136-138 Ci~Hi8X~03S 28 9 . 3 1 :3 56 
Xi  PhCH, 207-208 Ci;Hi&aO:iS 10 .i . 3 Y O  0 .56 

24 
37 Siilfisosazole 90 14 .>.I 

----- Mg/kg oral EDjci-------- 

.>., _ _  

_ _  Y j  Allyl 16.i-167 Ci3HiaKi103S :3:3 3 . 1  .> .) 

. >  - 

a All compound- were analyzed for C, H, K, S. * Derived from results with single oral dose.* giveii at time ( ~ f  challenge with Staph- 
Determined ii i  the pre-ence of a large excess of un- ylococcus acc/'elts iTC-76), or Proteus aulgaris (PC-232)), or Escherichia coli (033 

dissolved drLig: lee Experimental Section. d Also H,O determination. e Anal corrected for l.0SC, m t e r .  
. 

T.\HLI: I1 
Alc,nvrri-  .\ND I ~ S E  TIMIX 

Approximate value for 50% 
Effective dose (EDSO), 

Time of ----mv = / k K - - - -  
Organisrr. single oral dose Sulfadiazine Siilfacytine 

s. a l o ' P 2 c d  uc 76 6-hr prechalleiige 37 9 i  

E .  coii (I.?.? : B.i 6-hr prechalleiige 3 .  .i 16..i 
At challenge 2 . 9 ,i. ( 1  

I-'. t'c//qaris UC' 2 : 2  6-hr prechalleiige 2 .  7 1::. .i 

* ) , I  h t  challenge 26 -*> 

., 8 ,  A t  challenge 1 . M  a , .> 

T.\HI.I.; 111 
C O U P . \ R I b O S  \VITH SHORT A C T I N G  SULFONIM1I)ES 

--Approximate EDjo. mg/kga--- 
Sulfa- Sulfis- Sulfa- S i i l f i s~  

Challenge organism cytine oxazole methizole midine 

d .  aeroycnes OIarshall) 12 %55 
E. coli (1IGH-1) 3 2.5 12.5 2.3 
E.  coli (Vogel 5 23 
E.  coli (073) 13 20 
E.  coli (0XB.i 5 3.5 
P. neirabi(ia ( l [ G H - 1  I 4 16 160 10 
P .  mirabi / is  (PI C-2247) 10 2.i 
P. moryanr'i j H C 2362 1.5 3.i 
P .  m(garis  (1810 4 16 140 15 

7 21 
Psrudovzonas n:rlcyinoscc (28) 220 520 850 6iC5 
P. ae/.rcginosa (F-38 I 6.5 410 
S .  nureus (UC-76) 23 90 

Single oral do-e giveii at time of challenge; data  are aver- 
age from replicate tests, aiid a n  approximate =k50% variation 
applie:: in most instances. Challenges were intraperitoneal with 
an eaimated 100 LD:, for each strain. 

I n  human therapy a "soluble" short-acting sulfanil- 
amide drug would be used preferably in acute urinary 
tract disease becauPe it would promptly afford high 
urine levels of drug. However, the blood (and tissue) 
level.: of the drug may in certain circumstances also be 
important. To the extent that  they are, and since 
these sulfonamideh are adsorbed extensively to blood 
protein, it would be the "free" unbound level which 
may be effective nntibacterially. I n  Table IF' is shown 

T.IBLI: IV 
BINVISG TO 4 5  SKRL-M . l L m - > i ! s  .I r pH 7 ,  . I c c o ~ ~ . i x ~ r m  .I 

THI~K.IPEUTIC ''FR~:I." ( C S H O V S D )  L):VI:L OF 1)RCG 

i 1 mg 101) ml)  ' 
--Human Fractiqn V-- 
'z Total 

ing concn Rativ cr. 
(Yr mg total S :  

free) 100 nil) ?om1 8c liindinz binding 

Sidfacytiiie (8c) h6 7 1 S6.  .i 93..i 
!14) 

Ydfiwxazole 92 1 :j 2 !Lj 93 
1 % )  

Sulfamet h i d e  93 14 2 93 92 
( 7 )  

Sulfisomidine 86 7 1 8 6 , 5  

Ilind- driie Human Boyine 

(14) 
'I Percentage binding approaches its nisxinium as the free (and 

total) level of drug approaches zero; conversely, percentage 
binding decreases with increasing free 'and total) level of drug. 
This free level was chosen hecau<e it probably relates to a ther- 
apeutic level; see text. 

the binding to 4% Serum albuniiii of sulfacytine, 
sulfisoxazole, sulfamethizole, and sulfisomidine. Al- 
bumin usually accounts for most of the binding of drugs 
to blood protein; it also occur3 in serum at the 4% con- 
centration used here.*v9 We therefore feel that  the 
data of Table IV concerning human .erum albumin 
should be approximately predictive, with each sulfanil- 
amide, for the relative ratios of free to total drug which 
would be eiicountered in human therapy. 

The binding adsorptions of theye drugs to  human 
fraction V and crystalline albuniiii 4hown in the first 
and fourth columns, respectively, of Table IT- fall into 
a narrow range well within that observed for many 
sulfanilamide drugs8 However, the apparently small 
differences in total bound drug become large differences 
if referred to there maining small "free" percentages, 

(8) R.  E. Bagdon in "Experimental Ciieniotiierapg-," Vol. 11, R .  J. 
Schnitrer and F. Havking, Ed . ,  .Icademic Pres?, S e w  I-ork. S .  T., 1961, pp  
290-292. 

(9) C. H. Best and N. B. Taylor, "The Physiological Basis of Medical 
Practice," 7 th  ed, The  JI'illiams Wilkine Co.. Baltimore, l l d . .  1961, p 5. 



8 

a . R = H  f . R = B u  
b, R = Me 
c. R = Et 
d, R = Pr 
e. R = i-Pr 

g. R = I-Bu 
h. R = see-Bu 
i, R = benzyl 
j. R = allyl 

which are gtvcw in parenthe\e- 111 the hrst coluiiiii. 
The +giificance of the.e difference- niore directly 
app:irent from the data of column 2 listing the total 
concentration of drug iit nig 100 nil 15 hich mu*t be at- 
tained in  order to whieve 1 nig'100 nil of "free" (ac- 
tive) drug. Sulfi-oxazole aiid sulfamet hizole are about 
equal and requirc ii total lc>vel of drug roughly twice 
that needed by dfacyt i i ic  or .ulfihoniidine to reach 
the 1 mg/ 100 nil free level (column 3).  

Thcl 1 mg 100 ml "free" level cho,en becau3e i t  
cor reqmd-  roughly to the port of unbound drug 
in the 5-15 mg 100 nil of total  drug herum concentra- 

n hich in the early day- of sulfanilamide therapy 
et a- :i deyirable therapeutic level for the treatment 

of major Yystemic dize:ihe.I!' This high serum level 
came from a daily do.e of about 6 g. It ih  likely that 
thca quickly excreted. short-act ing sulfanilamides used 
a t  the lower dwages ( 2  g and a- low as 0.5 giday) 
usually employed in urinary tract iitfectton give dis- 

, 10) 1%:. H. Sortl iey,  "The Sutlonamides and .\llied Compounds." liein- 
liolrl I'iil~lisliing Co., S e w  York, 6. Y., 1948, pp , 5 1 7 4 7 7 .  
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Figure 1.-Supersaturabilitv of d f a c y t i n e :  persistence of meta- 
stable solutions: (-)in buffer pH .>.9: (--) in urine p H  -5.9. 

them without crystallization further down the urinary 
tract or to complete excretion. 

U7e believe (and will report later elsewhere) that  
inhibition of nucleation by urine constituents is part 
of a hitherto poorly recognized kidney protection sys- 
tem whereby that organ is protected from slightly 
soluble substances. Among the substances we have 
tested, sulfacytine with its inherent tendency t'o 

table ,solutions was most affected by the 
ihibitors of urine. 

A final observation on solubility is that  N4-acetyl- 
sulfacytine is also adequately soluble by Lehr's 
criteria. I t  equilibrates to 65 mg/100 ml in pH 5 
buffer at  35".  Some sulfa drugs, themselves adequately 
soluble, are converted metabolically into the acetyl 
derivative which may be much less soluble, carrying 
the risk of crystalluria and its complications.5 

In conclusion, the outstanding intrinsic antibacterial 
potency, high solubility, and short-act'ing properties 
of sulfacytine particularly recommend its considera- 
tion for use i n  urinary tract) infections. Clinical 
studies with various drugs have shown generally that 
readily attained high urinary levels of active "free" 

are the principal determinants for therapeut'ic suc- 

Experimental Section l 4  

Microbiological Procedures.-Thehe procedureb are ade- 
quately covered in ref 4. 

Physical Chemical Procedures.-The protein adsorption 
measurements "eie made after equilibrium dialysis with albumin 
contained in protein-impermeable cellulose film ("Visking") 
bags.16,16 Care wa,5 taken to use the same lots of albumin where 
possible for the comparative figurer given in each coliimn of 
Table The absdiite adsorptioii can vary for each drug 
depending on the particular lot  of albumin used : the binding 
relation between driig? is maintained however. 

(13) IY .  R.  McCabe and G. G. .Jackson. .Yeu' Eiig. J .  . \ fed..  374, 1037 
(196.5). 

(14) Melting points were determined on a Thomas-Hoover capillary 
melting point apparatus and are corrected. Where analyses are indicated 
only Iby symbols of the elements the analytical results obtained for these 
elements \yere within ~ k 0 . 4 7 ~  of the theoretical value. 

(15) This method mas detailed in a presentation by J. M .  Vandenbelt 
a t  the Atlantic City Meeting of tbe American Drug Manufacturers hssocia- 
tion Research and Development Section (1954). 

(16) For a review of the literature on protein binding and its determina- 
tion see A .  Goldstein, Phormacol. Rea., 1, 102 (1949). 

(17) The human Berum albumin was purchased from Nutritional Bio- 
rliemicals Corp., Cleveland Ohio. 

Solubility was determined from spectrophotometric measure- 
ments on supernatant solutions; after shaking overnight the buf- 
fered suspension containing a large excess of compound. The 
initial metastable solutions for studies of supersaturation were 
obtained by heating the suspensions on a steam bath to the 
degree (50-90") necessary to ensure complete solutions; these 
then were allowed to cool undisturbed to the desired tempera- 
ture. The effects of treatments (seeding, shaking, etc.)  were 
assesbed relative to the undisturbed metastable (supersaturated) 
solution. 

cyanoiuacils t.o the l-alkyl-.5-carboxyluracils as described by 
ShawB was accompanied by decarboxylatioii and ~1 ith prolonged 
refluxing 1-alkyluracil a as the yole isolable product. Typically 
2 mol of l-alkyl-j-c?ano~iracil was refluxed in 3700 ml of a mix- 
ture of H,O, conceiitrated aqueous HC1, and glacial HOAc (1: 1:  2 
v:/v). The product was &her (A)  crystallized by concentra- 
ting to small volume and separating the crystallized product 
by filtration, or (B)  evaporating to dryiiess and *eparating from 
salt by extracting with solvent. The final products are listed in 
Table V. Isolation details follow for each compound in the 

1-Alkyluracils ( 1).l8-We found t,hat hydrolj 

Com- 
pound Crystn solvent 

I C  EtOH 
Id i-PrOH 
l e  E t O H  

Ig EtOAc 
l h  EtO.lc 
Ij  HyO 

If H20 

l - . l lk> I-4-tliiouracils ( 2 )  
2c AIeCS 156-157 CsHsNjOS 
2d i-PrOH 89-90 C;HnN20S 
2e E t O H  147-149 CIH~ON?OR 
21 2-PrOH 68-70 CsHi?N?OS 
2g E t O H  91-93 CaHigNzOS 

211 EtOH 
2j hIe?CO 

5c  JVater 
5d FVater 
5e EtOH 
51 EtOH 
5 g  NeCX 
5h M e C S  
5j EtOH 

96-97 CaHi?SgOS 
122-126 CiH*N?Ob 

-4 nal. 

C H S  
C H S  
C H S  
C H S  
C H N  
C H S  

(CHh)"  

C H N \  
CHNh 
CHNh 
C H N \  
C H S  
9 (calcd) 17 4 

CHSS 
CHNS 

(found) 18 06 

l-.ilk>Icytosines (5) 
245-247 CsHss3O C H N  
256-258 CiHiiSaO C H X  
201-203 C1HiiN-30 C H S  
229-231 C~HiaN-30 C H S  
256-257 CsH13N30 C H K  
217-220 C*€I13S30 C H S  
232-236 C7HsTaO (CHNjb 

S-(.V-.lcetylsulianilyl)c~tosines 
6a hleOCH?CHZOH 280-282 C I ? H I ~ S ~ O I S '  H20 CHSS(H?O)  
6h H2O-hleOCH2CH20H 266-270 COHINIOIS C H S S  
6c H20-hleOCH2CH20H 238-240 C i 1 H ~ h - 4 0 8  CHKS 
6i 242-244 CisHirNiOd CHNP 

a Analyses corrected for 0.39% water. b Fits for ari assumed 
4.5'5 inert impurity. rlctual analysis: Calcd: C, 55.62; H ,  
6.00; N, 27.80. Found: C, 33.30; H, 5.92; K, 26.44. The 
identity of the compound is established in a general way by its 
successfiil conversion into 7j and Sj. 

order: number, hours of reflux, isolation A or B, crude yield, 
crude melting point: IC, 24, A, 82, 146-148"; Id,  168, -4, 53, 
120-121°; l e ,  98, B (EtOH), 75, 131-133'; If, 72, A, 89, 101- 

l j ,  98, B (EtOH), 23, -. The l-allyl-~-cyarioiiracil used for l j  
is new. I t  \vas prepared by the method of Shaw,a mp 149-152". 

1-Alkyl-4-thiouracils (a).-The thiat,ion of 1-alkyluracils w-it,h 
P?Sj was performed essentially by the method of Fox, el aZ.19 

103"; lg,  50, B (EtOAc), 48, 94-95'; l h ,  120, A, 56, 95-97"; 

A d .  (CaH7SaO2) C, H, S.  

(18) (a) The unsubstituted compound is the \vell-known biochemical, 
uracil. (b) 1-Methyluracil mas described by Jl .  R. Atkinson, hl. H. 
Maguire, R. K.  Ralph, G. Shaw, and R. K. Warrener, J .  Chem. Soc., 2366 
(1957). 

(19) J. J. Fox. D. VanPraag, I. Wempen, I. L. Doerr, L. Cheong, J.  R. 
Knoll, M. L. Eidinoff, A .  Bendich, and G. B. Brown, J .  A m e r .  Chem. Soc.. 81, 
187 (1959). 




